DESCRIPTION OF MAP UNITS

Qu
Surficial deposits, undivided (Quaternary) Unconsolidated and consolidated alluvium, colluvium, slope wash, and playa deposits Qa Alluvium (Quaternary) Unconsolidated alluvial deposits along active drainages Qoa
Older alluvium (Quaternary) Unconsolidated and consolidated sand and gravel TV Volcanic rocks (Tertiary) Unit also includes minor amounts of interstratifled sedimentary rocks Td Hypabyssal dike rocks (Tertiary) Rhyolite felsite and porphyries of intermediate composition
GRANITIC AND HYPABYSSAL INTRUSIVE ROCKS
Radiometric and relative intrusive ages for these units for the most part unknown; relatively unaltered undated granitic and hypabyssal bodies presumed to be Cretaceous in age, based on regional relations; metamorphosed and (or) foliated bodies could be as old as Jurassic Granite Quartz conspicuous; K-feldspar generally predominant over plagioclase. Granites generally lack penetrative structural fabrics gr^ Granite south of Paradise Peak (Cretaceous) Medium-to coarsegrained biotite granite. Locally contains small (1-2 cm) K-feldspar megacrysts and conspicuous ovoid quartz phenocrysts. Contains about 5 percent biotite. Generally strongly serialized and pyritized; locally cut by stockwork quartz _+ pyrite_+ chalcopyrite veins with muscovite selvages. Crops out in west front of Paradise Range south of Gabbs and at south end of range crest. Sericite alteration age of 74.2+1.9 Ma (John and McKee, 1987 ) from a green sericite-quartzfluorite-pyrite pod collected approximately 2 km south of Paradise Peak gr^ Granite of Germany Canyon (Cretaceous) Fine-to medium-grained, allotriomorphic, granular, biotite granite. Sparcely porphyritic with small plagioclase and K-feldspar phenocrysts. Plagioclase phenocrysts locally have K-feldspar overgrowths. Generally strongly sericitized; locally pyritized. Crops out on west side of Paradise Range south of Germany Canyon. Presumably Cretaceous in age because granite bodies that can be dated in area are Cretaceous gr^ Granite of Ellsworth (Cretaceous) Medium-grained, coarsely porphyritic, biotite granite containing abundant, white to pink K-feldspar megacrysts as much as 10 cm long. Ovoid quartz phenocrysts as much as 1 cm in diameter. Contains about 3-5 percent fine-grained biotite. Crops out in Ellsworth district. Presumably Cretaceous in age because other granite bodies that can be dated in area are of this age
g?2
Biotite granite (Cretaceous) Fine-grained, aplitic, biotite granite containing from about 5 to 7 percent biotite; locally with small miarolitic cavities. Biotite commonly altered to sericite and chlorite. Outcrop pattern in south end of Lodi Hills adapted from Vitaliano and others (1957) gr^ Illinois stock (Cretaceous) Medium-to coarse-grained, porphyritic to nearly equigranular biotite granite. Contains small (1-2 cm) K-feldspar megacrysts and about 5 percent biotite. Locally strongly foliated. Whole-rock Rb-Sr isochron of 102. 4+0.8 Ma (A.C. Robinson, written commun., 1985) . Crops out in south end of Lodi Hills; also known as the Lodi Hills pluton. Joint measurements within outcrop area from Vitaliano and others (1957) 
PRE-TERTIARY STRUCTURAL EVOLUTION MESOZOIC ALLOCHTHONS
All of the pre-Tertiary stratified rocks in the Paradise Range and nearby Lodi Hills are thought to be allochthonous with respect to cratonic North America, and they belong to four or more tectonostratigraphically different allochthons having late Mesozoic displacement histories. At least three of these allochthons are composed of upper Paleozoic and (or) lower Mesozoic rocks of the Paradise subterrane of the Walker Lake terrane (SUberling and others, 1987) .
The most extensive of these allochthons, as exposed in the map area, is composed mainly, or wholly, of lower Mesozoic rocks and is named here the Lodi allochthon (LOu and LO1 on fig. 1 ). Strata of the Berlin allochthon (BE on fig. 1 ) are largely correlative with those of the Lodi allochthon and crop out to the northeast of it, in the Paradise Range, and also about 20 km farther east, in the Shoshone Mountains, outside of the map area. Uppermost Triassic and lowermost Jurassic strata of the Lodi and Berlin allochthons are very similar and can be assigned to the same lithologic units that form the upper part of the Liming Formation and the bulk of the overlying Volcano Peak Group of Taylor and others (1983) . In their older and younger parts, however, the stratigraphic sections of the Lodi and Berlin allochthons are quite distinct. In the Lodi allochthon of the Paradise Range the sedimentary rocks of McGery Canyon (Jmq, Jmm, Jms) and the subjacent upper unit (Jvb) of the Volcano Peak Group form a stratigraphic sequence different from that of correlative upper Lower and Middle(?) Jurassic rocks of the Berlin allochthon in the Shoshone Mountains. Moreover, volcanic and volcariiclastic rocks, which characterize the older parts of both the Lodi and Berlin allochthons, occur at much higher levels within the Triassic section of the Lodi allochthon compared to the Berlin allochthon. Based on lithologic correlations, the youngest coarse volcanic debris in the Triassic section of the Lodi allochthon is of early Norian (middle Late Triassic) age, whereas in the Berlin allochthon it is Ladinian (late Middle Triassic) or older in age.
Rocks of the Lodi allochthon belong to both the Gabbs nappe and its lower plate. As strata of the Gabbs nappe are overturned for more than 25 km in the inferred transport direction, displacement between the nappe and its lower plate may have been sufficient to have juxtaposed somewhat different stratigraphic sections. However, the older parts of the section within the Gabbs nappe are not exposed in its lower plate, and conversely the upper part of the section in the lower plate of the nappe is younger than the stratigraphically highest of the overturned beds within the nappe that are truncated by the Gabbs thrust, the sole of the nappe. Thus, the parts of the sections in which lithologic contrast might be most expected, by analogy with the differentiation of the Lodi and Berlin allochthons, cannot be compared, so both the Gabbs nappe and its lower plate are included in the Lodi allochthon. Both the nappe and its lower plate contain some rocks that differ markedly from correlatives in the Berlin allochthon.
Another juxtaposed allochthon is probably represented by the isolated exposures of undated volcanogenic rocks (MzPzg) in the low hills southwest of the Paradise Range. These rocks, whose contact with the Lodi allochthon is buried beneath a broad tract of Tertiary volcanic rocks, manifest a different structural and metamorphic history than that of nearby parts of the Lodi allochthon. The rocks of unit MzPzg might belong to the extensive turbiditic, andesitic volcaniclastic unit of uncertain age that crops out as close as 20 km west of the Paradise Range and is included in the so-called "Sand Springs assemblage" of Oldow (1984) , another allochthonous component of the Paradise tectonostratigraphic subterrane. Alternatively, they could represent a latest Paleozoic island-arc association akin to the Black Dyke Formation of Speed (1977) , which forms a fault sliver between different allochthons of lower Mesozoic rocks about 50 km southwest of the Paradise Range, within the Paradise subterrane.
Mafic greenstones of unit MzPzp form most of the hanging wall (SF on fig. 1 ), or upper plate, of the South fault at the south end of pre-Tertiary exposures in the Paradise Range. The nature of this fault, and thus the structural history of these rocks, is uncertain. The South fault could be either a Mesozoic thrust or a low-angle Tertiary normal fault that pre-dates the Sheep Canyon fault on which the Tertiary rocks in the southwest part of the Paradise Range are detached from the pre-Tertiary section. Because the hanging wall of the South fault is interpreted to include fault slivers of units Jvb, JBvl, and T*ld, in addition to unit MzPzp, and because unit MzPzp partly resembles unit 'KPzdv, the rocks displaced by the South fault are most likely part of the Lodi allochthon. Nevertheless, unit Mzftp could represent a discrete allochthon.
Still another tectonostratigraphically distinct allochthon is characterized by a variety of quartzites, sandstones, argillites, phyllites, and dolomitic marbles (fts, Pza, Ezm) which on lithologic grounds are believed to be of Paleozoic(?), largely early Paleozoic(?), age. These rocks occur in a structurally disrupted mass between the Lodi and Berlin allochthons along the west side of the Paradise Range north of Craig Canyon, and they continue into the eastern and northern Lodi Hills where they are intricately intruded by and structurally brecciated and interslivered with igneous rocks (gd2, ha, and hf). These disrupted sedimentary rocks are included in the Quartz Mountain allochthon (QM on figs. 1 and 2), named for Quartz Mountain where rocks of the allochthon are exposed about 5 km northwest of the map area. The areas in the Lodi Hills that are labelled QM on figures 1 and 2 include both rocks of the Quartz Mountain allochthon and the areally more extensive intrusive rocks of units gd2» ha, and hf because their mutual distribution is too complex for portrayal at this scale. However, most of the faults that bound exposures of these intrusive rocks, along with those of the disrupted sedimentary rocks that characterize the Quartz Mountain allochthon, are thought to post-date the fault or faults on which the sedimentary rocks of the Quartz Mountain allochthon were originally emplaced.
DEFORMATION HISTORY
Rocks of the Lodi and Berlin allochthons in the Paradise Range and Lodi Hills have undergone polyphase deformation that generally fits the pattern described by Oldow (1984) for other parts of the Paradise subterrane. The earliest deformation, termed Dl (and equivalent to the regional "D2" of Oldow, 1984) , caused major northwest-southeast tectonic shortening. Emplacement of the Gabbs nappe on the Gabbs thrust and development of the conspicuous west-northwest-trending, mineralgrowth stretching lineation (domains C and D, fig. 1 ) in the rocks of the nappe is attributed to Dl. Variable orientations of the axes of minor folds (domain C) within the plane of the Dl cleavage or foliation suggest rotation into parallelism with the Dl lineation. Minor, decimeter-scale, northeast-trending folds of Dl lineation, characteristic of the southwesternmost exposures of the Gabbs nappe, are regarded as a late phase of Dl.
Subsequent polyphase deformation (D2), resulted from northeast-southwest shortening, the older phase(s) being southwest verging, and the younger phases of D2 being northeast verging. A northwest-trending D2 fold axis is described by folding of Dl cleavage or foliation in rocks of the Lodi allochthon, as in domain D, and especially in domain B, where an early, premetamorphic cleavage survived hornfelsic recrystallization in sandy beds of the Volcano Peak Group.
Bedding attitudes in a large and relatively well-exposed part of the Berlin allochthon (domain E) generally strike northwest and describe a shallow southeasttrending D2 fold axis. Just to the northwest of domain E, however, different fault blocks preserve both overturned and upright sequences of Berlin allochthon rocks that strike northeast and may relate to a large Dl fold ( fig. 1 ). For comparison, bedding attitudes are also shown on figure 1 for rocks of the Berlin allochthon in the Grantsville Canyon area of the Shoshone Mountains (termed domain F), about 22 km southeast of domain E. Here the same southeast-trending D2 fold axis is again well defined by bedding orientations. At the south end of pre-Tertiary exposures in the Shoshone Mountains a large northeast-trending Dl syncline is folded around this D2 axis (Silberling, 1959, pi. 10) .
The highly deformed sedimentary rocks in domain A, which belong to the Quartz Mountain allochthon, include rock types that originally might have been part of the middle Paleozoic Roberts Mountains allochthon. Thus they may have already been deformed in Paleozoic time, prior to being thrust into their present location. Orientation of cleavage and foliation surfaces among these rocks indicates refolding around the regional D2 fold-axis trend ( fig. 2 ), but their fold history is undoubtedly much more complex.
ORIGIN OF MAJOR PRE-TERTIARY STRUCTURES
Major Dl structures within the map area include the Gabbs thrust, which is the sole of the Gabbs nappe; Dl folds in the lower plate of the nappe within rocks of the Lodi allochthon; and the possible large northeast-trending isoclinal anticline, mentioned above, in the northwesternmost exposures of the Berlin allochthon.
In the overturned sequence of the Gabbs nappe, the sheared-out depositional contact between units 'B Id and JT* vl forms the southern part of the feature mapped by Vitaliano and Callaghan (1963) as the Paradise thrust. Although shear strain is pronounced in the zone of this fault, and some stratigraphic section is cut out, it is not regarded as a major allochthon-bounding fault.
Dl structures in the lower plate of the Gabbs nappe, within the Lodi allochthon, consist of tightly to moderately appressed, northeast-trending segments of kilometerscale folds, well displayed, for example, in Lower Jurassic strata along the southern range crest and southeast flank of the Paradise Range.
The oldest D2 structure is inferred to be the largely hypothetical Big Chief thrust fault, responsible for the emplacement of the Quartz Mountain allochthon. Most of the actual trace of the Big Chief fault has been obliterated by post-displacement intrusion and faulting. Sedimentary rocks of the Quartz Mountain allochthon lithologically resemble Paleozoic rocks exposed 60 km or more east of the Paradise Range, along and east of the ( Sr/ Sr)g = 0.706 isopleth (see index map), which is taken to mark the edge of sialic crust. It seems unlikely that these kinds of rocks could have been basement for either the Lodi or Berlin allochthon, the oldest exposed parts of which include deep-marine andesitic volcaniclastic rocks. Presumably, the Paradise subterrane, including the Lodi and Berlin allochthons, was first transported left laterally into position along the continental margin during Dl time (Oldow, 1984) , and the original boundary between the Berlin and Lodi allochthons may have been a major left-lateral fault. At the beginning of D2 time, sedimentary rocks of the Quartz Mountain allochthon are then thought to have been carried over the Berlin and Lodi allochthons from the east on the hypothetical Big Chief fault, possibly as a southern continuation of the westward overthrusting attributed to the Toiyabe uplift zone of Speed and others (1988) . Further deformation of the Quartz Mountain allochthon then resulted from infolding and imbrication of the Quartz Mountain with the Lodi and Berlin allochthons during southwest-directed thrusting of the Berlin allochthon over the Lodi allochthon. In figure 2, isoclinal overturning of the Big Chief fault and overriding of the Quartz Mountain allochthon by the Berlin allochthon on the Ottawa fault is hypothesized, although the actual structural relationships must be much more complex. Overturning of the Big Chief thrust and the Quartz Mountain allochthon is indicated by the small exposures of overturned Lodi allochthon rocks that appear to structurally overlie the Quartz Mountain allochthon in the northeast Lodi Hills (section A-A', fig. 2 ). In the Lodi Hills and northern Paradise Range, respectively, granodiorite porphyries of units gd2 and gd^ intrude the contact presumably the Big Chief thrust between the Quartz Mountain and Lodi allochthons. Thus the northeast-dipping faults in the Lodi Hills that separate the mixture of unit gd^ and rocks of the Quartz Mountain allochthon on its southwest side from the Lodi allochthon are probably younger D2 structures that truncate the Big Chief fault at depth, as suggested on figure 2 (cross section A-A').
Other major southwest-verging D2 structures in the area are the Holly Well fault, which juxtaposes the Gabbs nappe and its lower plate in the Lodi allochthon, and the kilometer-scale north-northwest-trending folds that refold northeast-trending folds in the lower plate of the Gabbs nappe. The most conspicuous of these early D2 folds is the major, tightly appressed, upright syncline that is traceable from Lodi Valley southward to the east-central part of the Paradise Range. Foliation in unit gdr, a porphyritic granodiorite possibly related to units gd2 and gd^, is folded around this syncline in the vicinity of the large exposure of unit Jmq that occupies the core of this fold.
Younger phases of the D2 event are northeast-verging and cause northeastward overturning of earlier structures within the Lodi allochthon, such as the northern parts of the Holly Well fault and the axial surface of the major syncline that parallels it farther east. Faults related to this phase of northeastward overturning include some that imbricate the Lodi allochthon along the west side of the Paradise Range and in the Lodi Hills. One such fault in the Lodi Hills (section A-A', figs. 1 and 2) apparently truncates an overturned segment of the Holly Well fault.
The latest D2 structures are noticeably less ductile than those of the earlier phases. Brittle late-phase deformation is responsible, for example, for the ubiquitous steeply southwest-dipping spaced cleavage that affects a broad belt of rocks, which include parts of the Berlin and Quartz Mountain allochthons, unit gd^, and adjacent parts of the Lodi allochthon in both the Lodi Hills and nearby parts of the Paradise Range. The complexly faulted boundary between the Lodi allochthon and the intricate mixture of unit gd2 and rocks of the Quartz Mountain allochthon at the north end of the map area, in the Lodi Hills, involves a plethora of minor faults in a crudely defined pattern such that northeasterly traces tend to left-laterally offset northwesterly traces in an overall brittle system of northeast-southwest shortening.
AGE OF DEFORMATION
The youngest strata affected by convergent deformation are late Early Jurassic, or at the youngest, early Middle Jurassic in age. The more ductile phases of D2 predate the Illinois stock (grj), which has a reliable radiometric age of about 102 Ma (see description of map units). Unfortunately, radiometric ages are not available for any of the older plutonic rocks whose ages would narrow the Middle Jurassic to Early Cretaceous bracket for the initiation of Dl deformation. The brittle, late phase, D2 deformation displayed in the Lodi Hills could be Late Cretaceous, or even early Tertiary, in age.
